D uring the past few years, transesophageal echocardiography (TEE) has rapidly become accepted as a valuable complementary technique to conventional transthoracic echocar-diography.1-5 Imaging of the heart via the esophagus provides an unobstructed view of cardiac structures and the great vessels and allows the use of higherfrequency transducers, which results in improved image quality. Furthermore, this technique allows anatomical interrogation of cardiac regions that are difficult to detect by precordial ultrasound. Consequently, TEE improves diagnostic information in various cardiovascular diseases compared with conventional transthoracic echocardiography. [1] [2] [3] [4] [5] In contrast to conventional echocardiography, TEE is a semi-invasive procedure. The examination may be associated with some discomfort for the patient, and the procedure is not free of risk. Be TEE studies were performed only by physicians. Fifty-four percent (29 of 54) of the physicians had had previous training in routine endoscopy. There were only three centers in which none of the physicians performing the TEE studies had had endoscopic training; in these three centers, the first series of TEE examinations was performed with the help of a gastroenterologist.
Transesophageal Echocardiography Technique
TEE studies were performed in the echocardiography laboratory, the emergency department, on regular wards, in intensive care units, and in the operating room using commercially available equipment. In seven centers, TEE probes with an incorporated optical channel were used; however, in only four centers, the possibility of optical control was used in selected patients (suspected esophageal disease and difficulties of probe insertion). No center requested an endoscopic examination of the esophagus or a barium swallow test on a routine basis before the TEE study. In conscious patients, minimum fasting time before the TEE study was 3 hours in one center, 4 hours in 10 centers, and more than 4 hours (5-9 hours) in four centers. In all centers, a transthoracic echocardiographic examination was performed before TEE.
After verbal (12 centers) or written (three centers) informed consent by the patient was received, dentures were removed. Local pharyngeal anesthesia was administered in all except one institution. In only four centers, an intravenous line was placed in all patients before the TEE study. The One death after a TEE examination has been reported from the Mayo Clinic13: a 64-year-old obese woman with type 11 diabetes had an acute fatal episode of respiratory distress 5-10 minutes after a complete TEE study and removal of the TEE probe. Before TEE, the patient had received intravenous sedation (1.5 mg midazolam hydrochloride). At autopsy, the esophagus was normal, but the myocardium showed infiltration with lymphocytes (myocarditis). Arrhythmia was the presumed mechanism of death.
Although cardiopulmonary complications associated with TEE are rare (16 of 10,218, or 0.16%, examinations in this survey), it is the policy of the contributing institutions of the present study to perform TEE only under continuous electrocardiographic monitoring and in facilities that allow prompt cardiopulmonary resuscitation. In addition, a pulse oximeter may be useful in early detection of hypoxemia.
Two patients in the present study developed bleeding complications induced by TEE that necessitated interruption of the examination. One of these two patients died on the day of the TEE study. The cause of death was a malignant lung tumor penetrating into the esophagus that was lacerated by the TEE probe. In two other patients, probe insertion was not possible because of a diverticulum not known at the time of the examination. After this survey was completed, we became aware of an additional patient with a serious bleeding complication indirectly induced by TEE (Dr. Curtius, University Clinic, Cologne, Germany, personal communication). A 61-year-old woman with a thrombosed mitral valve prosthesis diagnosed by TEE was treated with thrombolytic therapy immediately after the TEE examination.
Because of incomplete thrombus resolution, a second thrombolytic regimen was administered about 30 hours later. Four hours after initiation of the second thrombolytic attempt, the patient developed hematothorax and shock. Emergency surgery detected a large intramural hematoma of the esophagus that had ruptured into the thorax. The patient survived without further complications. The esophageal bleeding was thought to be a result of minor esophageal lesions caused by the TEE probe.
Esophageal lacerations induced by TEE probe manipulations are rare.14 15 The risk, however, is increased in patients with esophageal diseases (e.g., esophageal varices, diverticulum, tumors, and stenoses). Most of the contributing centers of this survey considered these disorders at least a relative contraindication for a TEE examination. We recommend that the operator never use force to introduce the TEE probe and that, in cases with suspected esophageal diseases, an esophagoscopy or barium radiographic examination should precede the TEE study. If one of the above-mentioned esophageal disorders is known, the decision to perform a TEE study depends on a careful risk-benefit consideration. In addition, fibrinolytic therapy immediately following a TEE examination may be associated with an increased risk of bleeding.
Patient Tolerance of Transesophageal Echocardiography
In 201 attempted TEE studies, the operator failed to introduce the TEE probe. In 198 cases, this was because of a lack of patient cooperation or insufficient expertise of the operating physician. Compared with centers performing more than 200 TEE studies, the significantly higher failure rate of probe insertion in institutions with a total experience of 200 TEE examinations or less indicates that there is a learning curve for most physicians beginning to perform TEE procedures. Intolerance of the probe was also the reason in 65 of 9,240 conscious patients (0.7%) to interrupt the examination. This rate of probe intolerance is low, especially because the vast majority of conscious patients underwent TEE without intravenous sedation.
Sedation may be necessary in anxious patients and should be administered in those with diseases where an inappropriate blood pressure increase has to be avoided (e.g., aortic dissection). The disadvantage of an intravenous sedation is an increased risk for respiratory arrest and aspiration pneumonia, as shown in endoscopic studies.7 Furthermore, sedated outpatients need supervision for a certain period of time, which may present logistical problems in many laboratories.
Patient tolerance of a TEE examination was also studied by de Belder et al12 using a detailed questionnaire. Of 204 consecutive patients, 79% found the procedure to be tolerable or only mildly unpleasant; younger patients did not tolerate the study as well as older patients. When asked whether they would prefer to be sedated, 83% of outpatients and 73% of inpatients preferred to be unsedated. Only one institution of this survey used intravenous sedation in all patients; the remaining 14 centers avoided sedation in the vast majority of patients.
Antibiotic Prophylaxis
The need for antibiotic prophylaxis before TEE is still controversial. The American Heart Association guidelines on endocarditis prophylaxis recommend antibiotic prophylaxis before upper gastrointestinal endoscopy when the procedure is associated with biopsy16; upper gastrointestinal endoscopy without biopsy is considered a procedure to which endocarditis has subsequently developed "rarely, if ever." Concerning patients with "prosthetic heart valves and those with surgically constructed systemic-pulmonary shunts," these recommendations state that "it may be prudent to administer prophylactic antibiotics for these low-risk procedures to 
